The study involved two groups.The first group consisted of 19 control subjects who were free of neurological disease and were 18 to 30 years of age. They were all apparently in good health and were selected from nursing personnel, medical students, and laboratory technicians in our unit. The second group consisted of 28 patients with proven cerebrovascular disease and neurological deficit. In all 28 patients the entire cerebral circtulation was studied by serial arteriograms from the aortic arch to the brain after recording rheoencephalography. In one additional case, coarctation of the aortic arch distal to the great vessels was demonstrated by aortography.
The final classification of the 28 patients was:
Neurological Disorder The ages of the patients ranged from 36 to 77 years, most of them being in the age group 50 to 60 years.
Rheoencephalographs were obtained with a Physical Instruments rheoencephalograph (model 450) which uses a 2 mA current with an average input of 3V across the head of the patient, and a frequency of 30 K.C. utilizing two simultaneous bridge circuits or the so-called '2 electrode system'. The electrodes were placed one on the forehead (midline) and the two others on the mastoid regions of either side. Care was taken in measuring the inter-electrode distance so that the electrodes were placed symmetrically.
Electroencephalographic and rheoencephalographic recordings were monitored with a Grass model 6 electro-66 A critical evaluation of rheoencephalography in control subjects andproven cases ofcerebrovasciular disease 67 encephalographic machine. Simultaneous recordings were obtained as follows: right and left hemisphere R.E.G. curves, right and left central to occipital E.E.G. tracings. The E.K.G. was also recorded on the graph. In some cases a pressure cuff was wrapped around the head below the level of the electrode and was inflated above arterial pressure during the recordings.
The R.E.G. curves were analysed as follows:
AMPLITUDE This was measured in ohms (based on the calibration signal) from the baseline to the highest point of the curve, which was usually the first peak.
ANGLE OF INCLINATION The angle of inclination of the rising part of the curve (called 'angle' hereafter) was measured directly in degrees, tracing the angle as defined by Jenkner (1962) from the point of origin of the curve to the steepest part of the ascending limb, referred to as the horizontal baseline. TIME Time was the moment at which the first peak was reached (referred to from now on as 'time') as measured in milliseconds from the Q wave of the simultaneously recorded E.K.G. to the first peak of the R.E.G. wave.
Records made at paper speed of 3 and 6 cm./sec. were used for this purpose.
WAVE FORM Consideration was given to the number of peaks present in a single pulse, the regularity of the wave, and the inclination of the descending part of the curve. Several manoeuvres were routinely performed during the recording, including carotid compression (one at a time), jugular compression (both simultaneously), hyperventilation, breath holding, 100% 02 respiration, and respiration of 5 % CO2 in 2. Not all these manoeuvres were achieved in all patients because of their clinical state or lack of cooperation. The wave form also varied considerably in normal subjects. Curves were seen with one peak and straight regular lines, two peaks ( Fig. 1 ) with sharp descending curves, three peaks, and even curves with plateaux ( Fig. 2) and other irregular aspects.
When the pressure cuff about the head was inflated above arterial pressure during the recordings, drastic changes occurred which consisted mainly in Unilateral carotid compression produced homolateral decrease in amplitude of the R.E.G. curve on 11 occasions ( Fig. 1) , bilateral depression on 10 occasions (Fig. 2) , and homolateral or bilateral increase on three occasions. No significant changes resulted on four occasions. The changes usually lasted only a few seconds and recovered quickly. In some cases they were accompanied by the appearance or increase (Fig. 2 ) of the second and third peaks and changes in the wave forms to plateaux or rounded waves. No homolateral or bilateral increase in time was seen in normal subjects during carotid compression. In some instances, while compression of one carotid artery produced little or no change, compression of the opposite artery sometimes produced gross homolateral or contralateral depression.
Compression of both jugular veins performed in 15 subjects produced bilateral decrease of amplitude of the R.E.G. in seven (Fig. 2 Breath holding produced an increase in amplitude and angle in seven of 15 subjects, increase of both parameters in six (Fig. 2) , and no changes in two.
Respiration of 100% 02 for three minutes produced depression of amplitude and angle in nine of 16 subjects ( Fig. 1) , increase in three, and no changes in four.
Respiration of a mixture of 5% CO. in 02 for three minutes performed on 14 subjects produced depression of amplitude and angle in five cases, increase in four, and no change in five.
R.E.G. IN CAROTID ARTERY Of two patients, one showed an asymmetric record with lower amplitude on the right, despite the fact that the occluded carotid artery was on the left side. The second patient showed a high amplitude symmetrical record. Compression of either common carotid artery in the neck produced bilateral depression. Since the internal carotid artery was occluded but the external carotid artery was patent, it seems evident that the R.E.G. on the side of the occlusion was influenced by the collateral circulation from the external carotid artery through the scalp. There was no difference in time between the two sides. According to the descriptions available in the literature (Jenkner, 1962 Hyperventilation also produced bilateral depression in all patients tested. Breath holding caused bilateral depression in two of three patients and bilateral increase in R.E.G. amplitude in one.
Breathing 100 % oxygen produced bilateral depression in one of three patients and no changes in the other two. Breathing 5% CO2 in oxygen produced bilateral increase in four of five patients and no change in one.
R.E.G. IN UNILATERAL STENOSIS OF THE INTERNAL CAROTID ARTERY WITH VERTEBRO-BASILAR STENOSIS
Of six patients, three showed asymmetry with lower R.E.G. amplitude on the side of the stenosed carotid artery. In these cases the diagnosis could be suspected from the trace. In two of these patients the peaks were synchronous. In the third, besides the asymmetry, the affected side showed a plateau wave with three peaks, and by measurement, the affected side showed a shorter time interval for the first peak but the second peak of this plateau wave was synchronous with the first on the normal side. Compression of the affected carotid artery produced homolateral increase in amplitude. Of the three remaining patients, two showed records that were considered normal, having medium voltage, symmetrical and synchronous records. The third showed bilateral reduction of amplitude with irregular waves but synchronous peaks that were not of lateralizing value.
R.E.G. IN BILATERAL STENOSIS OF THE CAROTID
ARTERIES WITH VERTEBRO-BASILAR STENOSIS Of three patients, two had normal, symmetrical, medium or high amplitude records. In one of these, compression of the right carotid artery produced bilateral increase in amplitude while compression of the left carotid artery caused bilateral depression.
In the third patient, there was an asymmetrical (40%) record with higher amplitude on the left. Compression of the left carotid artery produced bilateral depression, while compression of the right carotid artery produced no change. In this case there were atherosclerotic plaques of both internal carotid arteries with the left side being the more involved.
The right vertebral artery was occluded. The R.E.G. was considered misleading since it would suggest that the severest lesion was on the less affected side.
Analysis of the data in the total series of unilateral or bilateral stenosis of the carotid artery showed that of nine patients, the R.E.G. in three would be considered diagnostic and in six not diagnostic. Carotid compression on the affected side produced bilateral depression in one of four cases, unilateral depression in one, and bilateral increase in two.
Jugular compression produced bilateral depression in four of seven patients, bilateral increase in two, and unilateral increase (corresponding to the affected side) in one.
Hyperventilation produced bilateral depression in one of five patients, bilateral increase in two, unilateral increase in one, and no change in one.
Breath holding caused bilateral depression in two of six patients, bilateral increase in two, and no change in two. Breathing 100% oxygen produced bilateral increase in three of five patients, bilateral depression in one, and no change in one. Breathing 5 % CO2 in oxygen caused bilateral increase in three and no change in two. Analysis of the data on all the patients with occlusion or stenosis in the vertebro-basilar system (six cases) showed that three had R.E.G. records considered to be normal; one had R.E.G. depression on the side of the occluded vertebral artery; one had R.E.G. depression on the side contralateral to the occluded vertebral artery; and one record in a case of bilateral vertebral stenosis was asymmetrical.
Carotid compression on the side of the affected vertebral artery produced homolateral depression in four of seven instances, bilateral depression in one, contralateral depression in one, and bilateral increase in one. Carotid compression on the side opposite to the affected vertebral artery caused homolateral depression in one of four instances, bilateral depression in one, contralateral increase in one, and no change in one. Jugular compression produced bilateral increase in five out of six patients and bilateral depression in one. Hyperventilation produced bilateral increase in two out of five patients, bilateral decrease in one, and no change in two. Breath holding caused no change in the three patients tested. Breathing 100% 02 produced bilateral increase in two of four patients, bilateral depression in one, and unilateral depression in one.
Breathing 50% CO2 in oxygen produced bilateral increase in four of five patients and bilateral depression in the other one.
R.E.G. IN The results obtained with the different manoeuvres used were also different from those described by others in normals (Jenkner, 1962 Several considerations have to be made in the interpretation of these data. Technical factors may be partly responsible. The two-electrode R.E.G. systems being used at present in the commercially available machines may not be the best method of recording cerebral changes in impedance through the intact skull. However, in our experience, trial of a four-electrode system has not overcome these technical problems. Much more important is the inescapable fact that the external carotid circulation participates considerably in the R.E.G. waves. This is evidenced by the fact that there is a diminution in amplitude by as much as 40% and decline in angle of the R.E.G. wave when a pressure cuff is inflated on the head below the placement of the electrodes. The recordings of normal or highamplitude R.E.G. waves on the side of an occluded internal carotid artery must mean that the external carotid circulation is being recorded. In the latter case, compression of the carotid artery in the neck diminishes the amplitude of the homolateral R.E.G. wave. The participation of the external circulation is also present to some degree in normal individuals but it is increased after internal carotid occlusion by the collateral circulation through the scalp that has been shown in some of the patients by arteriographic studies and by visual inspection of the superficial temporal arteries. It was of interest in these cases that no difference in time course was found between the two sides of the head. It is believed that the venouis circulation of the head must have considerable influence on the R.E.G. curve. This is well illustrated in the cases in which inflation of the cuff above venous pressure (but below the systolic pressure) produced considerable change in the R.E.G. waves, usually an increase in amplitude.
The variability of the results of the different tests (breath holding, jugular compression, hyperventilation, etc.), both in normal subjects and in patients with cerebrovascular disease, also enhances the impression that there are several factors, besides the cerebral arterial circulation, that participate in the production of the R.E.G. waves. Until these can be better understood, R.E.G. recording appears to have little clinical usefulness in the diagnosis of cerebrovascular disease.
SUMMARY
With techniques available commercially R.E.G.s were made on 19 control subjects and 28 patients with proven cerebrovascular disease. After analysis of these data it did not appear that the R.E.G. is a technique which provides reliable or consistent clinical information of use in the diagnosis of cerebrovascular disease. It seems evident that a significant proportion of the pulse wave is derived from extracranial blood flow. Despite the ease of its application and its harmlessness, more basic information is required to define the complex factors influencing the R.E.G. waves as recorded from the intact scalp. Only then may its clinical usefulness become apparent. At present, rheoencephalography is of no obvious diagnostic value and may actually be misleading in the diagnosis and localization of cerebral vascular disease.
